To investigate the efficacy of modified clay minerals to remediate heavy metals from industrial wastewater, two natural clay sediments dominated by kaolinite were selected. Since the kaolinite clay has low cation exchange capacity, some modifications were made using unusual treatments thermal transformation and acid activation techniques were used to increase exchangeability properties for producing modified kaolinite. The increased exchangeability was demonstrated through various methods. Results of X-Ray diffraction analysis verified the transformation of Kaolinite as indicated from disappearing all the diffractogram peaks due to kaolinite. In infra-red spectroscopy, the presence of a broad band with little change in the intensity in the region coupled with broad Si-O bending vibration band and Si-O-Al compound vibration bands explain the extent of structural disorder as a response of modification treatment. From a mineral structural viewpoint, destruction through heat treatment exposes directed -OH bonds located between the tetrahedral and octahedral layers (amorphization). It has been observed that after an acidification treatment, the -OH groups become less stable and lead to the newly formed vacant sites during the modification treatments accommodate extra structural water; thereby; broadening the -OH bands in the I.R spectrum. Scanning Electron Microscope study has clearly demonstrated that, transformation in kaolinite structure from from hexagonal original shape to edgeless shape and values of Cation Exchange Capacity C.E.C were increased from 8.2 to 18.41 Meq/100g and from 12.66 to 28.53 Meq/100g in both Sinai and Aswan sediment, respectively. Result of the present study has indicated that crystalling structure of kaolinte tranformed to collapsed structure after modification treatment and the new structure can absorb a large amounts of pollutant metallic ions including Zn and cu from wastewater. Observed increase of metal ions removed by modified clays are due to increase of exchange sites produced by the acid leaching on a collapsed kaolinite framework. A comparison of relative removing values between Zn and Cu revealed that the removing kinetics of Cu is more favored under identical molar concentrations than Zn.
Introduction
As the world's population continues to grow, there are been a continous rise in the demand for clean potable water. At the same time the availability and uncontaminated surface and ground water resources are not only limited but also exhausting at an alarming rate.
According to [1] deterioration of water quality was consider to be one of the seven most critical challenges of water.
Several techniques were employed to remove the contaminants and eliminate or reduce the pollutants and prepare the water for release into the environment safely. Most of these techniques required extensive handling of material and excessive time to achieve removal of solids, oils and metal ions from the water.
Currently, the most common used techiques make use of several typed techiques make use of several types of material that are used to adsorb wastewater contaminants; among theses, clays were found to have remarkable affinity for heavy metals ions. Through ion exchange process the metal ions get bounded to the clays by electrostatic forces of attraction between the metal ions in solution and the anionic surfaces on the clay particles, [2, 3] .
Although Kaolinite clay mineral has least exchangeability properties, several researchers confirmed that modified kaolinite have potential ability to adsorp metal ions from solution [4] [5] [6] .
A modified kaolinite amorphous derivative (metakaolinite Al2(OH)4Si2O5 ) which is produced from calcination of kaolinite at 600 ∘ C, absorbs heavy metals and could be used in the treatment of toxic metal pollution in water [7, 8] . [4, 9, 10] reported that the porous structure of collapsed modified kaolinte structure can adsorb a large amount of metallic ions such as Pb, Cd and Cu from wastewater. [11] reported that sodium-capturing capacity has been significantly increased, by applying modified kaolinite.
In the view of above, present study was conducted with a view to (i) develop modified kaolinite from local clay to increase it's ion exchange capacity, and (ii) to compare the results for estimating the efficacy of modified clay over non-modified clay for remediation of heavy metals from the industrial wastewater.
Sampling and Preparation

Clay sediments
Two clay sediments samples were collected from both Aswan , South of western desert, Egypt and El Tih plateau , Sinai, Eastern desert, Egypt.
The clay was washed with distilled water to remove soluble impurities and wet sieved through 350 mesh sieve (45 µm), homogenized and <45 µm fraction was collected. The clay then was reacted with 0.5 N Ca(NO3) 2 and rinsed with distilled water to eliminate excess salts, [12] .
Each clay sample was divided into two portions, the former was retained as a raw sample and the later portion was modified as follows :
Heating the clay sample to 600 ∘ C for 2 hrs. before subjecting to acid treatment by refluxing with 2M HCl at 80 ∘ C for 20 min. The sample was washed until free of chloride ions using double distilled water. Thus a set of 4 samples (two raw and two modified) was generated as follows: Aswan kaolinite raw (Ar) Aswan modified kaolinite (Am) Sinai kaolinite raw (Sr) Sinai modified kaolinite (Sm)
Wastewater
Industrial non-treated wastewater was collected from Abha industrial city, Iron and Steel small factory, Abha, south-weste of Saudi Arabia. Wastewater samples were prepared according to [13] for both chemical analysis and heavy metals determination.
Analytical Methods
Physical and chemical analyses:
According to [14] , various analyses of clay sediments were carried out as follows: particle size analyses (pipette method), calcium carbonate (volumetric calcimeter method), organic carbon (walkely and Black method), and cation exchange capacity (sodium saturation method). Deternination of heavy metals in water were carried out by Inductive Coupled Plasma -Optical Emission (ICP-OES), whereas pH and EC were determined in water as well as clay sediments using glass electrode and electrical conductivity methods, respectively.
Mineralogical analyses
X-Ray Diffraction (XRD) analysis
A thin slurry of the sample solution was aliquot into a glass slide, air dried at room temperature and subjected to a Philips X-ray unit (PW 1830 fitted with a scintillation counter model PW 3020. The XRD analysis was done using Ni filter and Cu-Kα radiation. At KV=40, MA=20, Gain=60, Range=1000, time constant during scans were 2, and chart drive 2 cm/min.
I.R spectroscopy
Infra red absorption spectra in region of 400 cm −1 to 4000 cm −1 were recorded using KBr sample pellets. The samples prepared as pellet method following the procedure of [15] .
Scanning electron microscope (S.E.M)
The electron microscopy was performed in the Central Lab of Faculity of Agriculture Ain Shams University for Ar and Am clays after samples preparation according to [16] . 
Procedure of Heavy metals uptake
Fifty milliliters of non-treated Industrial wastewater was equilibrated with 0.5 gm clay sample for 5, 30, 60, 90, 120, 180 and 240 min. intervals. Initial pH was adjusted at 5.5 before starting the experiments. After centrifugation, the solution was analyzed for Cu and Zn using ICP-OES. Heavy metals released by clay minerals were calculated by the difference between initial concentration of the heavy metals and their concentration at equilibrium.
Results and Discussion
Chemical characterization of wastewater
Analytical results have indicated that the wastewater was alkaline as well as saline. In which, sodium and chlorine were dominant cation and anion respectively, Table 1 .
The Copper, cadmium and zinc were the dominant contaminants in water. Table 2 summarised the observed physical and chemical characteristics of the sediments Both locations are nonsaline, non-calcareous, moderate alkaline and weak in orgnic carbon. Values of Cation Exchange Capacity (CEC) are related to clay content in each sediment.
Characterization of clay sediments
XRD analysis
X-ray diffraction was carried out to identify the mineralogical composition of the used sediments and to study the changes after modification treatments. Obtained diffraction patterns were illustrated in Figure 1 . The results re- vealed that the kaolinite is predominant in both used sediments. This could be noted from the intensity peaks at 7.13, 4.64, 3.83, 3.56, 2.73, 1.66 and 1.48 Å. Besides, quartz is also presents in the two sediments as indicated by the peak at 3.34, 1.82 and 1.54 Å.
After modification process, all the peaks in the diffractograms indicating kaolinite were disappeared, indicating its transformation to modified kaolinite. On the other hand the diffraction patterns caused did not change indicating relative stability of quartz during treatments.
Infra-red absorption spectrometry
To ensure the mineralogical composition of raw and modified clays, infra-red analysis spectroscopic study of the samples was carried out. The results of this study are shown in Figure 2 , and the band assignments has been provided in Table 3 . The raw sediments have exhibited all the characteristic bands of both kaolinite and quartz indicated by 3696, 3621, 913, 754 cm-1 and 793, 694 cm-1 , respectively, [15] . The band at 3654 cm −1 indicated that kaolinite shows disorder form. On the other hand, the modified clays show following differences; 
Wavelength (cm −1 )
Assignments References 3700
OH stretching hydroxyl sheet [9] 3620 Inner OH stretching vibration [9] 1114 -1034 -1008 Si-O bending vibration [11] 913
Al-OH bending [9] 753 and 540
Si-O-Al compound vibration [11] 797 -697 Silica, quartz [9] As the result of modification treatment the disordered kaolinite structure was shown in the region of Si-O and Si-O-Al bands with change in the intensity. From a mineral structural viewpoint, destruction through heat treatment exposes directed -OH bonds located between the tetrahedral and octahedral layers (amorphization) Figure 3 . After acidification treatment, the -OH groups become less stable. The newly formed vacant sites during the modification treatments accommodate extra structural water; thereby; broadening the -OH bands in the I.R spectrum, [17] confirmed the same interpretation. 
Scanning Electron Microscope (SEM)
The scanning electron microscopic study was carried out for both raw and modified Aswan clay samples, Figure 4(a) . The presence of hexagonal shape particles with clear edges confirmed the presence of kaolinite in unmodified clay sample Figure 4(a) . After modification treatments, transformation in kaolinite structure was observed from hexagonal shape to edgeless shape Figure 4 
Cation Exchange Capacity
In order to assess the exchangeability of clay samples after modification treatments, C.E.C values were measured for raw and modified clay samples, which are shown in Table 4. The modification treatments nearly, duplicated the C.E.C values in the clay samples, which shows remarkable change from 8.2 to 18.41 Meq/100g and from 12.66 to 28.53 Meq/100g in Sinai and Aswan sediments, respectively.
The obtained results are similar to those published by [12] who reported four-fold increase in CEC values after the thermal treatment at 600 ∘ C followed by acid activation treatment of the samples.
The observed increase in C.E.C after modification treatments is indicative of the increasing number of exchangeable sites caused during the modification treatments. Acid attack cleans up the mineral by leaching of metal ions from collapsed lattice structure due to the disorder caused by the transition of kaolinite to metakaolinite by using thermal treatment. In this respect, [18] has mentioned that unless a little surface change was observed on calcining kaolinite to less than 550 ∘ C, a marked change in the exchange kinetics can not be expected.
Heavy metals uptake
The effect of equilibration time on the sorption of copper and zinc was analyzed kinetically over a range of 0-240 min. From theoritical point of view, adsorption process requires long equilibration time, while the practical approach needs a short contact time, this in accordance with [19] . The removing kinetics of Cu and Zn ions by raw and modified clay samples were monitored as a function of equilibration time and plotted in Figure 5 . All metal ions attain a near equilibrium condition within the first 90 minutes and attains near-complete reomval in about 2 hrs time.
The btained results indicate that the modified clay sample have rendered maximum ion removal [2.78(Cu) and 2.00 (Zn) mg/g] for Sm clay; representing about [27.25% and 18.18%] from initial wastewater concentration, respectively.
Besides, 3.38(Cu) and 2.44(Zn) mg/g for Am clay represents about 33.14% and 22.18% from initial wastewater concentration, respectively. The observed increase of removed metal ions by modified clays are due to the increasing ex-change sites produced after acid leaching on a collapsed kaolinite structure.
A comparison of relative removing values in Figures 5 has revealed that the removing kinetics of copper are more favored under identical molar concentrations than zinc.
This may be due to the formation of Cu(OH) + and Cu(H2O4) 2+ complex which can stabilize copper ions. It was also suggested that Cu 2+ ions largely occupy the planar external surface rather than the edges of platelets. Moreover, zinc can form comparatively stable chloride complexes in solution which might not get re-adsorbed resulting into lower sorption kinetics for Zn as compared to Cu.
Several studies such as [20, 21] . Have confirmed previous finding. For e.g. [21] have shown that higher surface charge is the more selective for exchange process in favor of Cu with respect to Zn.
Also, [22] studied Laterite adsorbent and concluded the this sorpent can be preferred for removal of copper confirming the prsent finding.
However, on the contrary, [23] have observed that zinc is better removed than cobber by expanded vermiculite. The authors argued about the selectivity of zinc to get adsorped in the expanded vermiculite structure than copper. Nevertheless, a recent study carried out by [24] found that Verde-lodo clay presented higher affinity and selectivity for copper than silver. So, each clay type have their own selectivity toward specific heavy metals.
Clay sediments interact with heavy metals through a variety of mechanisms. The dominating type of bond depends on the metal, the type of binding sites, the access to these binding sites and a variety of geochemical environment. The main mechanisms for retention of heavy metals in clay minerals inclide adsorption, ion exchange, precipitation and co-precipitation; [5] .
The present study has indicated that the ion exchange might be the probable mechanism of Cu and Zn ions uptake by modified kaolinite clays. Besides, a possibility that the metal ions being entrapped into the pores cannot be ruled out.
Conclusions
To produce a new modified clay as a sorbent for removing heavy metals and other toxicants from industrial wastewater, two Egyptian natural clay sediments dominated mainly by kaolinite were selected from Aswan and Sinai regions. Unusual treatments depended upon thermal transformation and acid activation were carried out to increase the exchangeability properties of kaolinite and produce modified kaolinite. This was proved by a variety of methods, including XRD analysis, IR spectroscopy, SEM study and C.E.C measurements.
The results of present study have indicated uptake of heavy metals by modified clay samples indicating that the Sinai have rendered maximum ion removing about (27.25% and 18.18%) from (Cu) and (Zn) respectively. Beside, 33.14% (Cu) and 22.18% (Zn) for Aswan modified clay from initial wastewater concentration. It has been indicated that the removing kinetics of Cu are more favored under identical molar concentrations than that of Zn. This may be due to the formation of Cu(OH) + and Cu(H 2 O 4 ) 2+ which can stabilize copper ions. It was also suggested that Cu 2+ ions largely occupy the planar external surface rather than the edges of platelets. Moreover, zinc can form comparatively stable chloride complex in solution which will not get re-adsorbed after getting desorbed into the solution due to the prevailing conditions. This explains the observed lower sorption kinetics for Zn as compared to Cu.
